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(57) Abstract: The invention relates to a method and a device for taldng measure- 
ments of cells (60) which are contained in a liquid environment (66). According 
to the invention, the underside (68) of the membrane (62) of each cell (60) is po- 
sidoned on a surfiace (48), said surface (48) being penetrated by a channel (40), 
in which a negative pressure (70) is created in orderjo attach the cell (60) by suc- 
tion. The cell (60) is also electrically intm)g3ted via at least one electrode (50), 
which is posidonod at a distance from die cell (60). The negative pressure (70) is 
preferably set to pulse, in order to open the membrane (62) so that a connection is 
formed between the cell interior (64) whidi is surrounded by the membrane (62) 
and the channel (40). 

(57) ZosaminenliBSsoDg: Eio Verfahren und eine Vorrichtung dienen zum Mes- 
sen an tn einer flttssigen Umgebung (66) befindlichen Zdlcn (60), bei dem jede 
Zelle (60) mit dner Untersdte (68) ihrer Membran (62) auf dner OberflSche (48) 
positioniert wird, wobd die Obcrfiadic (48) von etnem Kanal (40) durchsetzt ist, 
in dem zum Ansaugen der Zelle (60) ein Unterdruck (70) eingestellt wird. Die 
Zelle (60) wird femer Ober mindcsicns cine Elcfctrodc (50) elektrisch abgefragt, 
die von der Zelle (60) beabscandet angeordnet isL Der Unterdnick (70) wird vor- 
zugsweise zum AufreiBen der Membran (62) pulsartig eingestellt. so daS das von 
der Membran (62) umsdilossene Zellinnere (64) mit dem Kanal (40) verbunden 
wird. 
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PmCftM and detvicf. far mfAQiTnemftnt Ati f^lk 



The invention relates to a process for measurement on cells located in a bquid 
enviromnent* in which each cell is positioned with the bottom of its membrane on a surface, the 
surface being penetrated by at least one channel in which a pressure drop is established to suck 
the cell onto the surface and furthermore the cell is electrically interrogated via at least one 
electrode. 

The invention furthermore relates to a device for electrical measurement on cells which 
are located in a liquid environment, with a substrate which is penetrated by a channel, above 
which a cell can be positioned with the bottom of its membrane on the surface of die substrate, 
there being means for producing a pressure drop along die channel and there being a first 
electrode for electrical interrogation of the cell. 

A process and a device of die aforementioned type are known from DE 197 12 309 Al. 

Use of so-called microelectrode arrangements to smdy biological ceUs is known. The 
microelectrode arrangements are used here for example to stimulate the cells or to discharge 
potratials. Studies can be done hm in a Inological envinmment or even in an artificial . . . 
environment The arrangements for this purpose comprise in a carrier body a plurality of 
microelectrodes, with dimensions which are roughly of the magnitude of the cells, therefore in 
the range from a few micrcms to a few dozen microns. A microelectrode arrangement of this 
general type is known for example from WO 97A)5922. 

In conventional microelectrode arrangements it is more or less random whether one or the 
other cell setdes on a ccrtmn electrode or not In practice the cells generally settle only with 
partial overlap on one electrode so that the stimulation of the cell or die discharge of the cell 
potential is limited to this partial sor^K^e. Moreover, the cells setde only loosely on the 
electrodes. This can lead to problems with respect to the sealing resistance of the reference 
electrode. Cells can aliso come to rest outside die area of an electrode so that they cannot be 
acquired during measurement. 

In the microelectrode arran^ment known firom the initially mentioned DE 197 12 309 Al 
these defects are avoided by Use cells being captured in microcells with an electrode located on 
their bottom. The electrode is provided with a central channel in which a negative pressure can 
be produced via suitable connecting channels which run underneath the electrodes. In diis way it 
is possible to pull individual cells purposefully onto die electrodes and fix diem at a certain 
contact pressure on the electrodes. Then measurements can be taken on the electrodes, but only 
from their outside. 

Sucking cells on a pipette widi negative pressure is known from another specialty, so- 
called patch-clamp technology (compare die US journal "Nature, vol. 260, pages 799-801 , 
1976)). But in patch-clamp technology the pipette must be guided specifically to the individual 
cell. In patch-clamp technology the cells with which contact is to be made are not moved, since 
they are generally adhering to a substrate. Conventional contact-making with cells using patch- 
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clamp pipettes however has the disadvantage that the number of cells with which contact can be 
made at the same time is extremely limited, since for teasons of space an optionally large number 
of pipettes cannot be inserted into the culture chamber. 

On the other hand, compared to the technology described above, in which measurements 
aie only possible from the outside of the ceU, patch-clamp technology has ^ advantage that the 
cell interior can also be included in the measuiemenL 

In the conventionally used patch-clamp technology with individual pipates, this is done 
under microscopic observation by the fragile glass pipette being guided by means of a 
micromanipulator to an individual cell which adheres to the substrate and by the membrane being 
carefully sucked cmto the pipette opening. There is therefore diiect contact between the glass 
surface and the membrane surface. In this way a membisne spot is sealed against the surrounding 
liquid and electrically insulated. This insulation is also called a "gigaseal". From this "cell- 
attached configuration*' the so-called *whole-cdl configuration" is reached by continuing to suck 
the sealed membrane. This takes place by a piece of die membrane being breached underneath 
the pipette. In this way hydraulically and electrically sealed access via the pipette opening to the 
cell interior is formed. The remaining cell membrane is dius electrically accessible as a whole 
(so-called "whole cell patch"). Use of this conventional method however requires a pertinent 
amount of experience and instinctive feel. Several cells can be processed oi^y sequentially. This 
method is therefore unsuited for large-scale studies, such as for example would be necessary in 
the area of pharmascreening, substance screening and the like. 

Therefore the object of the invention is to develop a process and a device of the initially 
mentioned type such that the afotementibned disadvantages are avoided. In particular, die 
invention is intended to enable measurements as consistent as possible, preferably in parallel on a 
plurality of cells, especially as is desirable in the area of experimental and s^lication-oriented 
screening of the action of pharmaceutical agents on the cellular level. 

In a process according to the initially mentioned type this object is achieved as claimed in 
the invention in that the bottom of the membrane is torn open by increasing the pressure drop 
and/or the membrane is made microporous and electrically of low resistance or torn open by 
addition of pore-forming substances or by an electrical current pulse. 

In a device according to the initially mentioned type the object of the invention is 
achieved in that a least a second electrode is spaced apait from the first electrode in the direction 
of the channel. 

The object of the invention is fully achieved in this w^. 

The invention makes it possible, compared to conventional patch-clamp technology, to 
relinquish the difticult manipulation of a fragile glass pipette, since the function of the 
conventional glass pipeUe is performed by the channel in a substrate to which a negative pressure 
is applied in cffder to esublish the cell-attached configuration. If a megaseal is established tn diis 
way between the cell wall and the surface onto which the cell is being sucked, as claimed in die 
invention either the bottom of the membrane is torn open by the increase of negative pressure, so 
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measurement electrode at a time. 



A process is preferable in which the measurement quantity of the electrical signal is the 
current (Lt) through the cell interior and/or the electrical potential on the electrodes is measured. 

In one preferred embodiment of the process as claimed in the invention the cell is 
electrically interrogated via an electrode which is spaced apart from the bottom of the membrane 
in the direction of the channel. To do this, a current can be injected into the cell interim. 

This measure has the advantage that direct electrical access is established only into the 
interior of the cell. Because the ceil widi its outer membrane rest tighdy on the bottom of the 
miciocell and is even fixed there by negative pressure, die gigaseal known &om the conventional 
patch-clamp technology is automatically fomied, i.e. extremely high leak resistance which 
therefore has little effect on the measurement between the intracellular and extracellular medium. 
Because the electrode is located spatially away from the gigaseal, it is furthermore ensured that 
the cell itself is connected only to the electricaUy insulating materials so that the maintenance of 
the gigaseal is guaranteed 

In one preferred mbodiment of the process as cUdmed in the invention, in an 
arrangement with a plurality of channels the pressure pulse or the electrical current pulse is 
applied at the same time to all channels. But alternatively it is also possible to apply the pressure 
pulses or current pulse in succession to individually selected channels, wheth^ in any sequence 
or in a strictly sequential procedure. 

These measures have the advantage that almost any experiments can be automatically 
carried out on a plurality of cells so that are very large numb^ of measurement results are 
obtained each time. 

in a preferred development of the process as claimed in the invention the composition of 
the intracellular liquid medium after og&mng die membrane or (RDducing the micropores is 
changed by adding substances or the intracellular medium is replaced. To do this die channel can 
be connected to two or more separate connecting channels, one being filled with electrolyte 
which is similar in its composition to that of the cytoplasm (intracellular liquid) or which is a 
special liquid with active agents added. 

In diis way the intracellular medium can be influenced in a specific and controlled 
manner and at Uie same time the possible range of measurements which can be taken is greatly 
increased. 

In the device as claimed in the invention there is at least a second electrode spaced apart 
from the first electrode in the direction of the chaxmel. 

In one prefenned developntent there are means for controlling the pressure drop, both for 
producing a static pressure drop for establishing a cell-attached configuration, and also for a 
pulsed increase of the pressure drop to tear open rht bottom of the m^brane. 
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In this way. on the one hand the megaseal can be established in a reliable and controlled 
manner and on the other hand the megasc^ can be maintained while a short pressure pulse tears 
open the bottom of the membrane and the bottom of the membrane rests against the channel wall. 
In doing so the control is preferably designed such that the static negative pressure is 
continuously maintained (offset pressure) so that the megaseal is also maintained in the whole- 
attached coiifiguzation. 

According to another embodiment of the device as clain^ in the invention, the electrode 
is located on the end of the channel which faces away from the first electrode. 

Here the electrode can annularly surround the end of the channel which faces away. 

These measures have the advantage that the electrode can be easily integrated into a 
microstnicture by its being formed on the bottom of the layer in which the channel runs. 

In another version of invention the electrode is conversely located at a distance fnwn 
the end of the channel which faces away. 

This measure has the advantage that the electrode, as is yet to be explained, can also be 
movable relative to the channel so that several cells can be measured in succession with the same 
electrode. 

According to another feature of the invention the channel on its end facing away from the 
first electrode is connected via valves to a plurality of channels via which liquid can be supplied 
and drained. 

This measure has the advantage that by the corresponding monitoring of the pressure 
conditions in the connecting channels the cell interior after fonning the whole-cell configuration, 
i.e. after breaching the membrane, comes into contact with the intracellular liquid. 

In an addidonal development of the invention, above the substrate there is a microcell 
with an opening in its bottom. 

In this way the liquid can be stored above the substrate in a manner which is suitable 
especially fix a large-scale study by there being a channel or channels. Here the cells can be 
routed by a suitable funnel-shaped execution of the microceU directly into the vicinity of the 
channel mouth of the substrate surface. Alternatively the opaiing in Ae bottom of the miaocell 
however can also have a much lai;gcr diameter so that die ceU is guided to the mouth of the 
channel essentially by the applied negative pressure. This facilitates the production of the 
structure as claimed in the invention. 

Furthemwrc it is preferred that a plurality of channels be located in a conmjon substrate. 

In this way a compact construction can be achieved with simple production. 

FurthOTiore, there is preferably a plurality of microcells in a plate. 
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This yields the advantage that parallel or sequential measurements can be easily prepared 
on many cells because all microcells are located in a common plate. 

Lfi embodinnents of the invention which use a common plate for the microcells, it is 
fuithennore preferred if the plate is built up of several layers. 

This measure has the advantage of being able to take into account the different demands 
on the different elements of the plate by suitable mat^al choice. 

This ^plies especially when the plate comprises a top layer, a middle layer and a bottom 
layer in a development of this version, in the top layer there being fte microcells, the middle 
layer fonning the substrate with the channels, and in the bottom layer there being connecting 
channels which lead to the channels, and in one piefened embodiment there are electrical supply 
lines which lead to the channels, and microelectrodes. 

This three-part division of die plate has the advantage that individual layers of varied 
thickness and varied materials can be used for each of the three important functions. 

According to another version of the invention the substrate is connected to the bottom 
layer which consists of one or more layers of photostnicturable materials which allow three- 
dimensional routing of the connecting channels which lead to channels. 

Here the bottom layer can be applied to a glass carrier. 

These measures enable an especially compact construction and simple production. 
Photostnicturable materials include certain polymers, but also certain glasses. 

It is prefeiied if the connecting channels have a width between 10 microns and 40 
microns, jwefcrably roughly 20 microns. 

The channels themselves preferably have an inside diameter of less than 10 microns, 
preferably less than 5 microns. 

These amounts have proven optimum in this connection. The positioning of one cell at a 
time on one channel is supported especially by die inside diameter of the channels being less than 
the cell diameter. 

As already indicated above, in these embodiments of the invention it is especially 
preferred if the electrodes are located on the bottom of the middle layer or the top of the bottom 
layer. 

This measure has the advantage that the electrodes together with their supply lines can be 
formed by simple impression, precipitation, vapor deposition and subsequent microstructuring by 
known processes (photolithography, etching processes, lift-off, etc.). 

It is furthermore preferred in this case if the electrodes in a plan view are made as a 
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square surface with an edge length between 20 and 60 microns, preferably roughly 40 microns. 

As already mentioned, in this case it can be provided that the printed conductors leading 
to the electrodes are located between the middle and the bottom layer. This can be done 
alternatively by their being applied underneath to the middle layer or at the top to the bottom 
layer. Application to the bottom of the middle layer has the advantage that the printed 
ccHiductors can be formed together with the electrodes, especially also with the same material, 
especially a precious metal, {»eferably gold. 

The printed conductors preferably have a width between 5 microns and 30 microns, 
especially roughly 10 microns. 

As was already mentioned, different materials can be used for the individual layers in a 
multilayer construction of the plate. 

The different layers can be produced independently of one another, for example, from 
plastic, polymethyl methacryiate (PMMA), silicone, PTFE, polyaraide or an inorganic material, 
especially from glass, ceramic or silicon. 

Preferably polyamide is used for the substrate; it is used for this purpose as a film in 
which the channels are formed as holes. The substrate (the fibn) then preferably has a thickness 
between 2 microns and 40 microns, preferably roughly 5 microns. 

Preferably glass is used for the bottom layer. In glass which can be made available in 
almost any thiclmess, in otder to ensure mechanical stability in this way the necessary connecting 
channels and the like can be formed in the conventional manner. 

In an additional development of die invention it is preferred that the substrate be located 
on the bottwn of a plate in which a plurality of holes are formed as microcells, with holes in dieir 
bottom, with which holes the channels of the substrate are centered. 



In this way a combined body with a plurality of microcells to which individual channels 
and electrodes arc assigned can be relatively easily produced. 

According to anodier embodiment of the invention tfKre is a hydraulic and measurement 
unit which has a chamber which is open to the bottom of the substrate and which can be 
positioned on the bottom of the substrate such that the chamber communicates with a selected 
channel and is sealed to Che outside, the chamber containing at least one electrode and being 
connecCible to at least one connecting channel which is joined to the negative pressure source. 

In this case ihetc can furthermore be a movement unit for moving and positioning the 
plate and the ne^tive pressure and measurement unit relative to one another. 

In this way a single measurement unit can be used for sequential measurement of a 
plurality of cells, by which major cost savings can result, 
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Preferably commercial, ordinary standard grid plates (so-called "96 hole plates", "384 
hole plates or the like) can be used They require simply to be closed at the bottom by ^plying 
the film which is provided with channels (holes). The measurements on the numerous individual 
cells in the holes of the perforated plate are then subsequendy taken in sequence by moving the 
negative pressure and measurement unit or vice versa by moving the standard grid plate widi 
reference to the stationary negative pressure and measurement unit The latter produces the 
negative pressure pulse for opening the cell and also contains the electrode in order to take the 
subsequent measurement through the cell interior. 

In turn, as already mentioned, the chamber can be connected via valves to a plurality of 
connecting channels in order to bring the cell interior after formation of the whole-cell 
configuration into contact with inliacellular liquid or to be able to change the composition of the 
intracellular liquid. 

Other advantages follow from the specification and the attached drawings. 

It goes without saying that the aforementioned features and those still to be explained 
below can be used not only in the respectively given combination, but also in other combinations 
or alone without departing from the framework of this' invention. 

Embodiments of the invention are shown in the drawings and are detailed in the 
following description. 



Figure 1 shows an extremely schematic perspective view of one embodiment of the 
device as claimed in the invention; 

Figure 2 shows a section through a microcell of the arrangement shown in Hgure 1, 
likewise highly schematic; 

Figure 3 shows a plan view of the microcell as shown in Figure 2 on a slightly reduced 

scale; 

Figure 4 shows an extract from Ingure 2, on a further enlarged scale, in explanation of the 
process as claimed in the invention; 

Figure 5 shows a representation, similar to Figure 3, showing the prior art; 

Figure 6 shows a perspective view and an enlarged extract from it, of another 
embodiment of a device as claimed in the invention; and 

Figures 7a) to 7c) show different phases in the sucking of a cell, the formation of the cell- 
attached configuration and the whole-cell configuration when using two connecting channels to 
the channel, in a simplified schematic representation. 
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In Figures 1 to 4 the plate is labeled 10. In the surface 11 of the plate lOaghdof 
microcells 12 is fonned by molding. The microcells 12 are thtee-dimensional and have 
dimensions suitable for the culture of cells. For example, there can be 8 x 12 =: 96 microcells 12 
in one plate 10. 

The arrow 14 indicates that the microcells 12 can be filled from above with a liquid 
containing the cells to be studied It is thus possible to 511 the microcells 12 each individually 
with different Uquids and cells. 

To take the measurements there is an electrical terminal module 16 which can be coupled 
laterally to the plate 10. for which there is a sufficient number of connectors 18. The connectors 
18 are connected to a network of printed conductors. These printed conductors lead to electrodes 
which are attached in the area of the microcells 12, as will be explained below. A data line 20 
leads to a control device 22 fiom the electrical tenninal module. 

Furthermore, there is a hydraulic connection module 24 which can likewise be coupled 
laterally to the plate 10 by means of a corresponding plurality of hydraulic connectors 26. A 
negative pressure can be produced via the hydraulic connecting module 24 in a predetermined 
mann^, especially individually, underneath the microceUs 12, especially pulsed over time, as 
will be explained in detail below. 

F6r this |Hirpose the hydraulic connectors 26 are connected via a network of connecting 
channels and openings 49 on the bottom of the microceUs 12 to the latter. When all microcells 
12 are to be exposed to the same negative pressure, all connecting channels are connected in 
parallel and are directly connecting in the hydraulic connecting module 24 to a central, controlled 
negative pressure source. If however the individual microcells 12 are to be triggered with a 
respectively individual negative pressure, likewise a central negative pressure source can be used 
which is connected to die network of connecting channels, then individually controllable valves 
being located in these connecting channels. But alternatively in the connecting channels there 
can also be miniaturized pumps, especially miniature membrane pumps which are individually 
triggered. The electrical triggering of the valves and/or the miniature pun^)S can be done either 
via the electrical terminal module 16 or the hydraulic connecting module 24. In each case a line 
28 for triggering the aforementioned elements leads fiom the hydraulic connecting module 24 to 
the control device 22. 

The control device 22 for its part is connected to a multiplexer 30 in order to be able to 
take several measurements at the same time or optionally in sequence in a predetermined manner. 

As is apparent finom Figure 2, the plate 10 consists essentially of three layers. On the 
bottom layer 32 is the middle layer or a substrate 34 which is made as a fihn. A top layer 36 is 
made as a microstructure layer. The bottom layer 32 consists ptcfcrMy of glass. The substrate 
34 is preferably a polyamide film. The microstructure layer 36 consists on the other hand 
preferably of polymeth^ methaciylate (PMMA). 
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A connecting channel 38 is made in the top of the bottom layer 32. The connecting 
channel 38 is used for individual triggering of the microcell 12 which is shown in Figure 2. The 
connecting channel 38 is connected via a vertical channel 40 in the substrate 34 to an opening 49 
on the bottom 48 of the microcell 12. The microcell 12 on its top is provided with a cylindrical 
section 42 which is lined with a reference electrode 44. The reference electrode 44 is connected 
to a first electrical terminal 46. The latter is preferably at ground 

Underneath, the c^ndrical section 42 is adjoined by a funnel-shaped section which forms 
the bottom 48 in which there is an opening 49. 

An electrode 50 is arranged roughly annularly amund the lower end of the vertical 
channel 40. It is applied to the bottom of the substrate 34 for this purpose. The electrode 50 is 
connected to a supply line 52 which runs between the bottom layer 32 and the substrate 34. The 
supply line 52 for example together with the electrode 50 can be imprinted, vapor deposited, 
precipitated or the like on the bottom of die substrate 34. The supply line 52 is connected to a 
second electrical terminal 54. 

The electrodes 46 and 50 consist of silver/silver chloride (Ag^AgCl). Tedmically these 
electrodes are called "reversible" at "non-polarizable". They have the advantage that not only 
AC voltage measurements, therefore measurements of potential ^kes, but also DC voltage 
measurements are possible on the cells. They can also be used for current injection. 

The measurement voltage Uan^ is measured between the electrodes 46 and 50. 
Furthermore, a stimulation cutient 1st can be supplied via a second terminal 54 parallel to the 
voltage measurement 

This is detailed farther below using Rgure 4. 

As can be seen from the plan view as shown in Figure 3, there are several electrodes 12 in 
the plate 10 in the foan of a grid, the grid pitch d being between 0.1 and 10 mm, preferably 
roug^y 9 mm. 

The microcells 12 in the area of dieir cylindrical section 42 have an inside radius r 
between roughly 1 and 9 mm, preferably roughly 7 mm,; this allows easy filling. The inside 
diameter x of the vertical chaimel 40 is less than 10 microns, preferably less than 5 microns. 

The printed conductors 52 have a width bi between 5 microns and 30 microns, preferably 
roughly 10 microns. The electrodes 50 are preferably made square in a plan view and have an 
edge length a between 20 microns and 60 microns, preferably roughly 40 microns. The 
connecting chaimels 38 have a width bi betwera 10 micrcms and 40 microns, preferably roughly 
20 microns. 

The substrate 34 or the film is between 2 microns and 4 micrc»is diick, prefoably roughly 
5 microns thick. 

The distance 1 of the microcells 12 from the edge of the plate 10 is preferably at least 2 
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These holes S4 can be used as microcells. The plate 80 can, as indicated in Figure 6, top rights by 
the broken line, also be made in several layers, especially two layers. 

The bottom 82 of the cylindrical holes or microcells 84 is fonned by a substrate 86 which 
is made as a ftim and which is cemented, welded or otherwise bonded to the plate 80 on the 
bottom. In the center of the bottom 82 the substrate contains a channel 88 which is made as a 
hole. 

In contrast to the embodiment as claimed in the invention as shown in Figures 2 to 4, 
underneath the substrate 86 there is no carrier with a system of connecting channels. Instead, 
there is a movable hydraulic and measurement unit 90 which can be guided individually from 
underneath to the bottom 91 of the film 86. 

The unit 90 comprises a pot-shaped chamber 92 which is im>vided on its top face side 
with an annular seal 94. In this way the chamber 92 can be placed tightly against the bottom 91 
such that the vertical axis of the chamber 92 is flush with the axis of (Mie hole 88 at a time. 

From the chamber 92 a pipeline 96 leads to a negative pressure unit which is not shown. 
In this way, in the chamber 92 a negative pressure can be produced as is indicated with an mow 
98. 

On the bottom of the chamber 92 there is an electrode 100 which is connected to an 
external terminal 102. 

A multiaxial movement unit is labeled 104. The movonent unit 104 makes it possible to 
guide the hydraulic and measurecoent unit 90 along the bottom 91 from microcell 84 to microcell 
84 in order to press the unit 90 horn underneath tightly around the respective hole 88 against the 
bottom 91. By exposing the jnpebne 96 to the negative pressure pulse 98 the same experiment 
can be carried out as was explained above using Hgure 4 for the first embodiment of the 
invention. 



The first embodiment of the invention as shown in Figures 2 to 4 has the advantage that a 
compact plate with all connecting channels is available for triggering the microcells 12 so that 
without additional actuating means, simply by triggering of valves, contacts and the like, a 
plurality of measurements can be taken in sequence or in multiplex operation. 

The second wbodiment as shown in Figure 6 conversely has the advantage that a 
commercial plate can be used and that the costs for a bottom layer with a plurality of connecting 
channels, printed conductors and individual electrodes are saved. 

F it ample '\ 

Hgures 7a) to c) ^ow another embodiment of the invention in highly schematic form 
which is detailed below. 
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In tum, there is a substrate 1 10 which can consist for example of a polyamide film. In the 
substrate 1 10 a plurality of channels is formed, of which one which is labeled 122 is shown. 
Above the substrate 1 10 is a tiquid in which theie aie cells 1 12. Underneath the channel 122 a 
chamber 124 is fonned which communicates with the channel 122 and on its bottom there is an 
electrode 126 similarly to the version sh wn in Figure 6. 

In contrast to the above described embodiments, this chamber 124 is however connected 
not only to one connecting channel, but to two connecting channels 130, 132. These connecting 
channels 130, 132 can be cmmected to the liquid reservoin Ft and Fa via valves 1 18, 120. 

It goes without saying that the representation is purely schematic and that the connecting 
channels 130, 132 can be made for example in a photopolyermerizable layer and that the valves 
are preferably made on the outer ends of the channds. 

If at this point, as shown in Figure 7a), the valve 120 is closed and the valve 1 18 is 
opened, the ai^lication of a pressure Pi to the channel 130 which is less than the pressure Po in 
the liquid 1 14 leads to formation of a flow in the direction of the arrow 133 through the channel 
122 and the supply channel 130. This results in the cell 1 12 being sucked and coming to rest on 
the surface 128 of the substrate 1 10 above the opening of the channel 122 and a megaseal being 
fonned when the negative pressure is maintained, so thai the cell-attached configuration is 
established. 

If at this pdnt the valve 120 is opened as shown in I^gure 7b), the ration Pi <P2<Po 
being maintained, the chamber 124 is filled with intracellular medium from the liquid reservoir 
F2. while a flow is established in the direction of ti^ arrow 134 firom the connecting channel 132 
through the chamber 124 into the supply channel 130. Here the pressure P2 must be greater than 
the pressure Pi so that the flow in the direction of the arrow 134 is directed away from the 
connecting channel 132 toward the connecting channel 130; furthermore, the two pressures Pi 
and Pi must be less than the pressure Po in the extracellular medium 1 14 which surrounds the cell 
112. 

At this point, in the following phase as shown in Bgure 7c) the valve 1 18 is closed and a 
pulsed negative pressure is i^lied to the connecting channel 132 so that P2 is much, much less 
than Po (Pi « Po). In this way the bott(Hn of the membrane of the cell 1 12, the membrane patch, 
is sucked and as a result of negative pressure shocks is broken open so that at this point a whole- 
cell-patch clamp is formed. Flow takes place duiing this phase in the direction of the arrow 135 
through the channel 122 and the connecting channel 132 to the liquid reservoir F2. At this point 
a state is reached in which the chamber 124 is filled solely with intracelhilar medium 1 16. Then 
via the valve 1 18 another medium can be used again if this is desired for the measurentents to be 
taken. 

The advantage of this arrangement and diis {nx)cess is that a precisely controlled 
intracellular medium with a composition which can be influenced can be used or that even 
another intraceUular medium can be used. 

This version with two or more connecting channels which can be controlled via valves 
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can basically be combined with the version which was explained above using Figures 1 to 4 and 
also with the version as sh wn in Figure 6. 
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1. Process for measurement on cells located in a liquid enviroiunent (66), in which each cell 
(50; 1 12) is positioned with the bottom (68) 6i its membrane (62) on a surface (48; 82; 128) 
which is poietrated by at least one channel (40; 88; 122) on which a pressure drop (70) is 
established to sack the cell (60; 112) onto the surface (48; 82; 128) and the cell (50; 1 12) is 
electrically interrogated via at least one electrode (44, 50; 100; 126), characterized in that the 
bottom (68) of the membrane (62) is torn open by increasing the pressure drop and/or the 
membrane (62) is made microporous and electrically of tow resistance or torn open by addition 
of pore-forming substances or by an electrical current pulse. 

2. Process as claimed in claim 1, wherein the pressure drop is increased in pulses to tear 
open the membrane (62). 

3. Process as claimed in claim 1 or 2, wherein the bottom (48; 82) of the microcell (12; 84) 
is used to position the cell (60). 

4. Process as claimed in one of the preceding claims, wherein the cell (60; 1 12) is 
electrically intnrogated via an electrode (50; 100; 126) which is spaced apart from the bottom 
(68) of the membrane (62) in the direction of the channel (40; 88; 122). 

5. Process as claimed in one of the preceding claims, wherein a current (1st) is routed 
through the cell interior (64) oc the potential is measured. 

6. Process as claimed in one of the claims 1 to 5, wherein in an arrangement with a plurality 
of channels (40; 88; 122) the pulse (70) for increasing die pressure drop or the electrical current 
pulse for opening the membrane surface (68) is produced at the same time on all channels (40; 
88; 122). 

7. Process as claimed in one of the claims 1 to 5, wherein in an arrangement with a plurality 
of channels (40; 88; 122) the pulse (70; 98) for increasing the pressure drop or the electrical 
current pulse for opening the membfane siuface (68) is produced in succession on selected 
individual channds or on several channels (40; 88; 122). 

8. Process as claimed in one of the preceding claims, wherein the composition of the 
intracellular liquid medium (1 16) is changed by adding substances or the intracellular liquid 
medium (1 16) is replaced. 

9. Device for electrical measurenaent on cells (60; 1 12) in a liquid environment (66), with a 
substrate (34; 86) which is penetrated by a channel (40; 88; 122), above which a ceU (60; 1 12) 
can be positioned with the bottom (68) of its membrane (62) on the surface (49; 85; 128) of die 
substrate (34; 86), there being means (56) for producing a pressure drop (70) along the channel 
and there being a first electrode (44) for electrical interrogadon of the cell (60; 1 12). 
characterized in that there is atieast a second electrode (50; 100; 126) spaced apart from the first 
electrode (44) in the direction of the channel (40; 88; 122). 
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10. Device as claimed in claim 9, wherein there aie means (56, 58) for controlling the 
pressure drop (70X both for producing a static pressure drop (70) for establishing a celUatt^hed 
configuration, and also for a pulsed increase of the pressure drop (70) to tear open the bottom 
(68) of the membrane (62). 

1 1 . Device as claimed in claim 9 or 10, wherein the second electrode (50) is located on the 
end of the channel (40) facing away from the first electrode (44). 

12. Device as claimed in claim 1 1, wherein the second electrode (50) annulaily surrounds the 
end of the channel (40) facing away. 

13. Device as claimed in one of claims 9 to 12, wherein the channel (122) on its end facing 
away from the first electrode (44) is connected via valves (1 18, 120) to a plurality of channels 
(130, 132) via which liquid (Fi, F2) can be supplied and drained. 

14. Device as claimed in one or more of claims 9 to 13, wherein there is a plurality of 
channels (40; 88; 122) in a common substrate (34; 86; 1 10). 

15. Device as claimed in one of claims 9 to 14, wherein over the substrate (34; 86) there is a 
micTocell (12; 84) with an opening (49; 88) in its bottcmi (48; 82). 

16. Device as claimed in one of claims 9 to 15, wherein the channel (40; 88; 122)) has an 
inside diameter (x) of less than 10 microns, preferably less than 5 microns. 

17. Device as claimed in one of claims 14 to 16, wherein there is a plurality of microcells 
(12; 84) in a plate (10; 80). 

18. Device as claimed in claim 17, wherein the plate (12; 80) is built up in several layers. 

19. Device as claimed in claim 1 8, wherein the plate ( 10) comprises a top layer (36), a middle 
layer and a bottom layer (32), in the top layer (36) there being microcells (12), the middle layer 
fomung the substrate (34) in which the channels (40) are located, and the bottom layer (32) 
containing connecting channels (38) which lead to the channels (40). 

20. Device as claimed in one of the preceding claims, wherein the substrate (34; 86) is 
connected to d>e bottom layer (32) which consists of one or more layers of photostiucturable 
materials which have connecting channels (38) which lead to the channels (40; 88; 122). 

2 1 . Device as claimed in claim 20, wherein the bottom layer (32) is dpphtd to a glass carder. 

22. Device as claimed in claim 19, 20, or 21, wherein die connecting channels (38) have a 
width (62) between 10 microns and 40 microns, preferably rougjily 20 microns. 

23. Device as claimed in one of claims 19 to 22, wherein the electrodes are located on the 
bottom of the substrate (34) or on the top of the bottom layer (32). 
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